Situated in university science departments as potential science-education change agents, science faculty with education specialties (SFES) reported differences in the origin of their positions depending on the nature of their institution. For instance, SFES at PhD-granting institutions most commonly reported being hired to relieve other faculty from teaching and service burdens. At MS-granting institutions, SFES reported being hired primarily to prepare future K-12 science teachers. At primarily undergraduate institutions, SFES reported transitioning to these specialized roles after their initial hire. In our random, stratified sample of 50 interviewed SFES, all were tenured or tenure track, excepting 45% of SFES at PhD-granting institutions. Those non-tenure-track SFES were more likely to have prior institutional connections-as alumni of, through previous employment at, or with a spouse also employed at their institution-than were other SFES. These findings provide new insights into the evolving SFES phenomenon and clarify previously reported differences among SFES.
A ttention to improving science education at the college and university level is widespread and growing in the United States (NAS et al. 2007 , NSB 2007 , Singer et al. 2012 and across the globe (OECD 2007 , Hénard 2010 . One approach to improving science education has been the inclusion of education specialists within the faculty of science, technology, engineering, and mathematics (STEM) departments. Known as science faculty with education specialties (SFES; Bush et al. 2006 Bush et al. , 2008 , these education specialists advance science education by affecting undergraduate science education, influencing K-12 science education, and/or conducting discipline-based research in science education (Sunal et al. 2001 , Walczyk et al. 2007 , Bush et al. 2008 , 2011 . Although all SFES focus on science education, there is a great deal of variety in the goals, structure, and even tenure status of individual SFES positions.
Previous research on SFES has shown that they most commonly perceive that SFES in general are hired to help with the preparation of future science teachers, to fulfill a particular teaching role, or to participate in course or curriculum development and reform (Bush et al. 2015) . Surprisingly, those reasons for hiring did not align well with SFES perceptions of their own potential and actual contributions (Bush et al. 2015) . However, those prior results emerged from brief online responses to survey questions offered to SFES who were asked about SFES hiring in general and not about their perceptions of the origins of their own positions. Given the continued and increasing interest in hiring SFES (Bush et al. 2008 , Addy et al. 2015 and the impacts they can have on multiple science-education arenas (Bush et al. 2008 (Bush et al. , 2011 (Bush et al. , 2016 , more research is needed to investigate the origins of individual SFES positions.
To more deeply investigate the SFES phenomenon across the United States, we conducted an interview study of SFES who occupied positions at PhD-granting institutions, MS-granting institutions, and primarily undergraduate institutions (PUIs), who had acknowledged their willingness to be interviewed via a national online survey, and who had self-identified as SFES (Bush et al. 2013 (Bush et al. , 2015 . In the interview study, we probed a random, stratified sample of SFES about many aspects of their professional efforts, including their perception of their professional impacts on science education, their identity as SFES, their training in science education, and their job satisfaction. For this current study, we took the opportunity to examine how SFES perceived the origins of their current positions. The interview questions were specifically designed to promote in-depth responses about SFES perceptions of the origins of their own positions, allowing us to determine whether results from the previous SFES survey (Bush et al. 2015) were supported and to possibly uncover unanticipated findings about SFES origins. In addition, investigations into the perceived origins of SFES positions could yield insights into why nearly one-third of SFES previously reported intentions to leave their current position (Bush et al. 2013 ).
We were particularly interested in exploring how SFES perceptions of their position origins might differ at different institution types (i.e., PhD-granting institutions, MS-granting institutions, and PUIs). Although SFES across institution types have reported having similar impacts on undergraduate science education (Bush et al. 2016) , one might hypothesize that SFES at PUIs and MS-granting institutions would be more likely to report that their SFES positions were created on the basis of the desire to improve undergraduate science education, whereas SFES at more research-focused PhD-granting institutions might report jobs created to promote discipline-based science-education research.
These SFES interviews provided complex insights into SFES perceptions about the origins of their positions, and in this article, we present findings that relate specifically to SFES perceptions about the origins of their particular position. Although future studies are needed to triangulate these findings, SFES perceptions about the origins of their positions provide previously undiscovered insights about how SFES differ across institution types and across different tenure-status positions. Throughout this report, we will use the term origins as an umbrella term that includes both (a) SFES perceptions about the motivations for the hiring of their position and (b) any prior connections that an individual SFES had to their employing institution.
An interview study of science faculty with education specialties We used an interview-based approach to explore the professional experiences of SFES across the United States, and we have reported previously on the roles and perceived impacts of SFES (Bush et al. 2016) . Our interviews produced rich and broad descriptions of the professional experiences of 50 individual SFES, and here, we present evidence and new insights on the perceived origins of these positions, including SFES perceptions of hiring motivations and prior institutional connections, among SFES working at PhD-granting, MS-granting, and primarily undergraduate institutions.
Sample. Our interview sample of 50 individuals was selected from a population of 166 SFES who had previously completed an online survey and indicated their willingness to participate in future research involving interviews (Bush et al. 2013) . Those 50 individuals were selected using a stratified random sampling method to represent (a) membership across institution types (PhD-granting, MS-granting, or primarily undergraduate institutions) and disciplinary fields (biology, chemistry, geoscience, and physics) and (b) strong considerations of leaving their current position (i.e., staying or leaving). These criteria were selected because earlier studies had shown differences in the SFES phenomenon across institution types (Bush et al. 2013 ) and because substantial numbers of SFES across the United States reported that they were seriously considering leaving their current positions (Bush et al. 2008 (Bush et al. , 2011 . This study was approved by Utah Valley University's Institutional Review Board (IRB). The subjects provided written informed consent prior to participation following a procedure approved by the aforementioned IRB.
Data collection. The subjects each completed a 60-minute, semistructured telephone interview between July and September 2013. Interviews were audio-recorded, conducted by two interviewers (with one taking a more active questioner role), and fully transcribed using pseudonyms to replace actual names. In reporting quotations, institution names were redacted to protect the identities of our participants. The interviews of SFES included an informational preamble followed by seven main questions centered on (1) the description of their current position and how they obtained it, (2) perceptions of their identity as an SFES, (3) the motivations for the creation of their current position, (4) their perceptions of their professional impact and influence, (5) the effectiveness of their training, (6) their job satisfaction, and (7) their viewpoints regarding the SFES phenomenon in general.
Data analyses. The transcripts were analyzed using a groundedtheory approach to detect emergent themes across the SFES interviewed and through a constant comparative method (Merriam 1998 , Bryant and Charmaz 2007 , Stake 2010 , Trainor 2013 . At least two researchers examined all of the interview responses, independently determined emergent themes, and then discussed coding schemes together. Through iterative discussion and language revisions, common themes were identified. Once independent coding of all the evidence by multiple researchers resulted in high levels of agreement, the categories were finalized.
The results from the interviews are reported primarily as emergent themes and quotations represented in figures and tables. Sample quotations from the SFES have been edited to remove identifying information, and pseudonyms are used, excepting in those situations in which anonymity across quotations could be compromised. Descriptive statistics are used to compare the responses of SFES from different institution types or with different tenure statuses. Finally, although these semistructured interviews of a randomized, stratified SFES sample produced rich, varied, and detailed findings, we urge readers to recognize that the data reported here reflect SFES perceptions of their own professional positions.
Science-faculty-with-education-specialties perspectives on the origins of their positions Although evidence suggests that science departments have been increasingly hiring SFES over the last decade (Bush et al. 2011 (Bush et al. , 2013 , SFES have not been systematically queried regarding their perspectives on the origins of their positions. Why are SFES positions being created? First, we present reported motivations for hiring SFES disaggregated by institution type and by tenure-track status. Next, we explore the SFES hiring pathway, examining the role of prior institutional connections, again disaggregated by institution type and by tenure-track status. Finally, we examine origin patterns, with respect to both hiring motivations and prior connections, across individual SFES. Consistent with Bush and colleagues (2016) , we found no disciplinary differences among SFES in our sample.
Hiring motivations. Our interview protocol systematically probed the perceived motivations behind hiring the SFES in our pool. Through systematic coding of the interview transcripts, 15 categories emerged that characterized the reported motivations for hiring SFES across institution types (figure 1; interrater reliability more than 99%). Some SFES reported multiple motivations, which were each coded into a category. Nine of these categories, A-I, align well with the three arenas of science education: undergraduate science education, K-12 science education, and research in science education. The remaining six categories, J-O, including an "other, " relate to issues beyond the three arenas.
The top hiring-motivation categories that reflect 25% or more of the respondents for PhD SFES, MS SFES, and PUI SFES are highlighted in figure 2. A set of sample quotations for each top category reported by the SFES from each institution type is included in tables 1-3. Two of the top three reported categories for the PhD SFES, Relieve other faculty from teaching and service burdens (L) and Teach lower division and large enrollment courses (A), were unique to the PhD SFES. Phil, a tenure-track PhD SFES, expressed both of these motivations for his hiring: "[I was hired] because nobody in our department wanted to be saddled with this massive course… So, they knew they needed to get a new faculty member to take it over … and then take it on as a primary responsibility as a teaching load, every semester, forever. "
Similarly, the top-reported category for the MS SFES, Prepare future K-12 science teachers (E) , and the top category for the PUI SFES, Transitioned, not hired, into this role (K), were unique top categories for the MS and PUI SFES, respectively. Betty, a tenure-track MS SFES, described the motivations for her hire as the following: "they started the biology education degree program in the biology department, rather than the education [department], because they felt that teacher preparation program should focus more on the science. " And Thedora, a tenure-track PUI SFES, described the motivations for her hire as the following: "I started out doing really lab bench kind of research and sort of halfway along my trajectory, I really started to become much more interested in questions around teaching and learning than I was about molecules on surfaces. "
The top motivational categories for the PhD SFES were further disaggregated by tenure-track status. The top two categories for the non-tenure-track SFES, Coordinate lab courses, teaching assistants, or other course support (D) and
Relieve other faculty from teaching and service burdens (L)
were reported by more than three-fourths of the non-tenuretrack SFES and were unique to this group. As an example, Teresa, a non-tenure-track PhD SFES, described these motivations driving her hire: "It was created so there would be some way of having somebody in charge of the labs because the position was created before I took it… So, the job involves coordinating the teachers, designing the materials, and teaching three or four of the labs per semester. "
In contrast, the top category for the tenure-track PhD SFES, Respond to administrator desires related to education (H), was reported by more than 80% of the tenure-track PhD SFES and was also a top category for the MS SFES. Lee, a tenure-track PhD SFES, described the motivations for her 
Category
Sample Quotes % Relieve other faculty from teaching and service burdens L "They needed to do something to try to address the administrative tasks that were some of the burdens on the faculty for because the university did not value that in promotion and tenure." -Emmett TT PhD "So, the class that I usually teach for students who have no other (science) background, I think I teach that because no one else wants to. No one else has got an interest in that class; no one else is lining up to teach it. So, as long as that class is offered here, it's going to be available for me to teach… And, I think that's why I have my job. By doing things no one else wanted to do…" -Tuan, TT PhD
50
Teach lower division and large enrollment courses A "So, the science departments want to hire an education specialist, a discipline-based education research person, but, really what they wanted was somebody who will come in and teach one of the level 600-seat classes." -Willa, nTT PhD "I think they would say that they needed someone to look after the chemistry majors, someone who had an interest in teaching the large courses, because often times these positions end up teaching your large general chemistry or preparatory chemistry courses, and you need someone who is willing to do that and who is good at doing that." -Nugent, TT PhD
45
Respond to administrator desires related to education H "The position was created by a dean, and the dean essentially said, you'll take this position or you won't have a position. And so the faculty against it hesitantly agreed to open the position." -Francine, TT PhD "There was a provost who felt this was an important thing and was willing to put some money into this so that departments wouldn't have to take on the full burden of hiring these positions themselves. The challenge is…if you say, we have a position, who should we hire? nobody who is not already in some kind of discipline-based education research (DBER) position is ever going to say, Oh, let's hire a DBER person…So, without somebody saying, we'll give you quite a lot of money on this side if you put in a little bit on your side, I don't think the program would have taken off the way it did." -Duggler, TT PhD
Facilitate course reform or curriculum development C "This position opened up because the semester before I was hired, the students took out a half-page ad in the local student newspaper warning people not to take the course." -Dina, nTT PhD "They had this search that was primarily oriented toward getting someone who would completely revamp introductory biology…" -Teresa, nTT PhD
40
Conduct educational research or obtain grant money F "I was hired to do Physics Education Research." -Francine TT PhD "And, so if they're going to be spending a tenure-track position on it, then it needs to be someone who is, in all honesty, generating indirect costs." -Phil, TT PhD
Coordinate laboratory courses, teaching assistants, or other course support D "I oversee the lab, and I think to a certain extent my position was created because the tenure-track faculty were looking to minimize their involvement in the labs." -Tuan, nTT PhD "It was pretty clear that they were having some issues with tenure-track faculty not having enough time and problems cropping up because of (them) not having enough time to do the course coordination." -Emmett, nTT PhD
35
Broaden departmental expertise G "…at that point, they were applying to create a PhD in chemical education. And, so it was really important to replace the first person…my line was created to support that program..." -Colton, TT PhD "The former chair of the department thought that they should have someone in the area of Chemistry Education. I think he was very forward thinking." Nugent, TT PhD
Respond to departmental faculty desires related to education I "Well, I would say that the prime mover was a distinguished professor… He's a bulldog. He gets his teeth into something, and he won't let go, and he shakes and shakes and shakes until people fall into line." -Willie, nTT PhD "they [the faculty] had a problem, and they wanted it fixed. Okay. And, their problem was that the students were incredibly dissatisfied with the course the way it had been taught. Okay? And, they --they wanted to fix it, basically." -Dina nTT PhD
25
Replace retiring or departing faculty member J "The education research group was losing one tenure-track faculty to a different university. So, they would be really short on people who can service GTAs and grants and be advisors to graduate students. They did not have the political status within the university…to renew the tenure track position." -Paul, nTT PhD "I think the first position was a replacement for one of the researchers who wasn't tenured. But at that point, they were applying to create a (graduate program in discipline-based education research). And so it was really important to replace the first person, but then my line was created to support that program." -Colton, TT PhD
Emerged from an individual's prior connection(s) to the institution N "Well…they knew me. They knew what I could do. They called me when the position opened up, okay? And, you know, it was sort of a tailor-made position." -Dina, nTT PhD "My position was created for multiple reasons. One is that I wanted to stay here, and (the people here) wanted me to stay here and not take a tenure-track position elsewhere. But they didn't have the political status at the university to argue for a tenure-track position, and so this was a compromise." -Paul, nTT PhD hire as the following: "I think they saw a need within our college, within our department, of restructuring the learning that was taking place in the classroom. The 'they' would be the administration: deans, associate deans, vice presidents... I think they saw a lot of opportunity in education. I will not deny that they see a lot of dollar signs with financial grant money there. "
Prior institutional connections. Many (42%) of the SFES in this study reported that they had previous connections to their current employing institution prior to being hired. Through systematic coding of the interview transcripts (interrater reliability more than 99%), three categories emerged that described prior institutional connections that the SFES in our study had to their employing institution. These categories were being Alumni (X) of, having a Previous job, different in kind (Y), and/or having a Spouse or partner (Z) who is or was also employed at their institution (figure 3). Some SFES reported multiple prior connections, which were each coded into a category. Each prior connection category is disaggregated by institution type and then by tenure-track status in figure 3 . A comprehensive set of sample quotations for each category is included in table 4. Overall, a greater proportion of the PhD SFES (65%) had prior connections to their employing institution than either the MS SFES (20%) or the PUI SFES (33%). By looking at the PhD SFES group disaggregated by tenure-track status, one can see that this trend appears to be driven by the non-tenure-track PhD SFES. Nearly all (89%) of the non-tenure-track SFES held previous positions at their institutions that were different in kind from their current positions, and two-thirds of the non-tenure-track PhD SFES were alumni of their employing institution. In comparison, just over one-third of the tenuretrack PhD SFES (36%) held previous positions at their employing institution, and no other groups-that is, the tenure-track PhD SFES, MS SFES, or PUI SFES-reported that they were alumni of their employing institution. These prior institutional connections of SFES, which had not appeared in data from previous survey studies, emerged during interviews when the SFES described the perceived origins of their positions.
Patterns across individual science faculty with education specialties. When one examines hiring motivations and prior connections for individual SFES (figure 4), telling patterns emerge with respect to institution type, tenure-track Respond to administrator desires related to education H "(An SFES position) was offered at the provost and the president's level. Physics took them up on it, and chemistry and biology did not." -Roger, MS "The dean of the college and the chair of the natural sciences department (were) the people that were pushing the degree. So, that was basically where it went. They just wanted to see more focus on the biology coursework." -Betty, MS
33
Broaden departmental expertise G "Their motivation was that they wanted to expand chemistry education as a disciplinary area in the department, to create that as niche area, to have more impact, as a growing area in chemistry and a place where they could have more identity in the field." -Rita, MS "…they thought an education-focused person could help both with their teaching and then possibly help form an identity that we didn't have previously. So, I think that's how my position came about." -C.K., MS
27
Respond to departmental faculty desires related to education I "Our department goes through a very thoughtful assessment and planning cycle…we look at what are our key initiatives, what are our strengths, what are our weaknesses, and the department collectively decided that one of our strengths was the ability to do a scholarship of teaching and learning. That then informed the hiring committee as one of the areas we are interested in (hiring), because it was one of our main initiatives." -Pete, MS "My impression (was) that they had a tenure line that they needed to hire, and they were having a heated argument about what kind of person to (hire) for that position. It sounded like (one person) was arguing very strongly that we needed somebody with a physics education research focus because our undergraduate program was suffering..." -Tara, MS status, and staying or leaving status. Some orientation to this complex figure will help elucidate these patterns. In figure 4 , each rectangle represents an individual SFES, with individual SFES grouped by institution type (top to bottom) and tenure-track status (left to right). The black dots toward the top of each rectangle are used to indicate the number of different hiring motivations reported by each individual. The gray dots near the center of each rectangle indicate the number of prior connections reported by each individual. Those marked nTT are individuals who reported occupying a non-tenure-track position at their institution, whereas all others reported that they were in tenure-track positions. The shading of each rectangle differentiates the SFES who were strongly considering leaving their positions (gray) from those who were not strongly considering leaving their positions (white). As an example, the top, left-most individual was an SFES at a PhD-granting institution who was in a tenure-track position and was not strongly considering leaving their position. This particular individual reported five or more different hiring motivations for their position and reported one prior connection to their institution. In this graphical depiction, one clearly sees the striking institutional differences between reported prior connections. Prior connections are generally concentrated among the PhD SFES and in the non-tenure-track PhD SFES, in particular. Not only do almost all the non-tenure-track PhD SFES have prior connections to their hiring institution, but the majority also had multiple prior connections. In contrast, only one other individual (a PUI SFES strongly considering leaving) had multiple prior connections to their hiring institution. In this graphical depiction, it is also clear that most of the SFES report multiple motivations for their hire. However, the PhD SFES tended to report more hiring motivations than their MS SFES or PUI SFES peers, with most of the PhD SFES reporting four or more different hiring motivations and most of the MS SFES and PUI SFES reporting three or fewer. It is noteworthy that there are no apparent patterns in these origins data specific to the SFES who expressed desires to leave their positions.
Conclusions
In the current study, we investigated SFES perceptions about the origins of their current faculty positions, including motivations for their hire and their prior institutional connections. Findings from interviews with a sample of 50 SFES revealed that the motivations for hiring SFES were different among SFES at different institution types, with the greatest divergence of reported hiring motivations among SFES at PhD-granting institutions. In addition, striking differences emerged in the motivations for hiring tenure-track versus non-tenure-track SFES, who were only represented at PhD-granting institutions. These data also revealed that non-tenure-track SFES were more likely to have prior connections to their current institution-as an alumnus, employee, or spouse-compared with tenure-track SFES. Taken together, these findings provide new insights into previously reported differences among SFES at different institution types with respect to their time spent on teaching, the tenure status of their positions, and the extent of their formal training in science education (Bush et al. 2013) . Below, we consider these new findings about the perceived origins of Table 3 . Hiring motivations mentioned by 25% or more of SFES employed at primarily undergraduate institutions (n=15).
Category
Sample Quotes % Transitioned, not hired, into this role K "I don't think it was a position that was created as much as it was a position that I kind of carved out for myself." -Patty, PUI "I think that it was largely evolutionary, rather than created. I transitioned my interest, and many people do evolve their research interest, their scholarly activity. I was finding that I could do some novel things… When I started to do this, I was extremely supported, and I was getting to be creative on a number of avenues." -Quentin, PUI
53
Teach upper division courses B "…they just needed someone to teach certain courses. The person who was teaching analytical chemistry was going to be on leave, and they needed somebody else." -Thedora, PUI "(I was hired) as a biologist and as a person who could cover both genetics and molecular biology and have a lot of knowledge about those things." -Annie, PUI
47
Facilitate course reform or curriculum development C "I think the department as a whole recognized a need to develop their courses in a particular way that they did not have the expertise to do, and so they deliberately sought out that expertise." -Ron, PUI "The whole department is really deeply, deeply invested and interested in how to teach well and how to use the results of research to help them teach well…but they needed to know how to do that in their upperlevel classes. So, they searched for a physics education research person to do lots and lots of things. But among them were faculty development to help them learn how to teach upper-level classes in a researchbased way, in a research inspired way, reform their upper-level classes, investigate the coherence of their four-year curriculum, and make both within-course adjustments and four-year structural adjustments." -Allison, PUI
40
Replace retiring or departing faculty member J "There was a person who was teaching analytical chemistry who was going to be on leave. And they needed somebody else (to teach)." -Thedora, PUI "My specific position was created (long ago), and I think it's because, back then, the person that had my position before me did teach the elementary science methods class." -Cerra, PUI SFES positions in the context of previous research reports about the SFES phenomenon generally and SFES differences across institution types more specifically.
Reconsidering apparent misalignments between perceived motivations for hiring science faculty with education specialties and their professional activities. Previous research on the SFES phenomenon has suggested that there may be misalignments between likely motivations for hiring SFES and their potential efforts and impacts (Bush et al. 2015) . These misalignments have been hypothesized to be one potential driver of 30.4% of SFES in the United States considering leaving their current positions (Bush et al. 2013) . The initial description of these potential misalignments between why SFES were hired and their professional efforts emerged from written responses collected as part of a large national survey of SFES. However, in that study, SFES were probed about the SFES phenomenon generally, not necessarily their own particular situation, and as a result, those data were not analyzed for differences among SFES at different institution types. Examination of the in-depth interview data from the present study suggests that those previously described misalignments between hiring motivations and professional activities may be explained partly by differences among SFES at different institution types. For example, the most prevalent reasons for hiring SFES offered in the previous study were to prepare future science teachers or to fulfill a particular teaching role in the department (Bush et al. 2015) . In the present analyses, these two hiring motivations were the most prevalent ones reported by SFES at MS-granting and SFES at PhD-granting institutions, respectively. However, each motivation was predominantly reported by SFES from that particular institution type and not by others. In addition, SFES at PUIs most often reported in the present interview study that they were not really hired but rather transitioned into an SFES role, which supports previous findings (Bush et al. 2013) . Although the professional activities of SFES were not reported here, previous research has shown that these, too, are different among SFES at different institutions types (Bush et al. 2013 ). As such, attending to the institution type of a particular SFES may resolve some of the apparent misalignments between why SFES are generally being hired and what they may accomplish; however, there are no doubt examples of misalignment for individual SFES within a given institutional context. For example, assuming their role would be in educational research and later understanding that motivation for their hire was to prepare future teachers may play a role in considerations of SFES leaving their current position. Given that the motivations for hiring and the reported professional activities of SFES are consistently different depending on institution type, it may be most appropriate to consider SFES as a collection of different types of faculty positions in the service of science-education efforts rather than as a singular type of position.
The differences in time spent on research and teaching among PhD science faculty with education specialties may be driven by perceptions of origins. Another finding from previous research on the US SFES phenomenon was that SFES employed at PhD-granting institutions perceived that they spent more time on teaching and less time on research than do their non-SFES peers (Bush et al. 2013) . But why might this be the case, given that PhD-granting institutions have at the core of their missions faculty research? Deeper explorations of SFES work situations in the current interview study provided insights into why this institution-specific finding might be the case. Among the PhD SFES in our sample, the most prevalent category for hiring motivations was to Relieve other faculty from teaching and service burdens. As such, greater teaching responsibilities at the expense of time available for research could stem from the initial reason some of these SFES were hired. This finding is further corroborated by the next two most prevalent reported hiring motivations for the PhD SFES in our study, which were to Teach lower-division and large-enrollment courses and Respond to administrator desires related to education. Lower-division and large-enrollment courses can take additional time for grading, office hours, student emails, and course logistics and as a result can be viewed as particularly burdensome by some faculty members. As such, it appears that some PhD-granting institutions may be hiring SFES as specialized science instructors who espouse and potentially have skills in student-centered pedagogies, as was explored in previous research (Addy et al. 2015) .
Differences in tenure status may be explained by the perceived origins of science-faculty-with-education-specialties positions. In the United States, previous national survey data have shown that SFES employed at PhD-granting institutions were less likely to occupy tenure-track positions than SFES employed at MS-granting institutions and PUIs (Bush et al. 2013) . Similarly, in our interview sample, only 55% of the PhD "I got an opportunity to do some additional TA'ing while I was a graduate student, and then this opportunity came up to be the … lab manager and I was able to negotiate with the chair that I would have a teaching responsibility associated with that,"
"they asked if I would come in … and teach for a semester and I worked things out to do that, still maintaining kind of my post-doctoral position I was in … And, one thing led to another, to another, to another, and I remained temporary … for quite some time before going into the tenure track position. …" "I started as non-tenure track faculty … they officially called it "Visiting Scientist," who was a combination post doc and teaching … and then this was changed to the [course] coordinator position"
60
Alumni X "I started full time … Before that, I was hired as an adjunct and also as a TA, as a graduate teaching assistant."
"As a graduate student, I had rewritten one of the lab manuals that was used in the --in the general intro course. … they knew me, they knew what I could do. They called me when the position opened up"
30
Spouse or partner Z "So I finished my PhD here. And, I was married to somebody who works here, too. So it was more --this --this was where I was likely to stay."
"… my wife got a permanent tenure track position in another department, so I was doing a post-doc in the chemistry department for a couple of years and then got the teaching position after that."
25

MS SFES (n=15)
Spouse or partner Z "…my wife and I are both academics. … we left and when we left, we were looking around, the classic twobody problem. We received a couple of offers to go to different places.... So we came to here."
"so my current position is senior lecturer in the department. It is not tenure track. ... We moved here two years ago ... --because, my husband applied for and got a tenure track position, here … So, my position specifically was created because they wanted to hire my [spouse] ."
33
Previous job, different in kind Y "So, one thing led to another and I started in that temporary position while I was still in graduate school and a couple years later, they opened a tenure track position that --in … education that more or less was specifically --they had specifically me in mind when they opened that."
27
PUI SFES (n=15)
Previous job, different in kind Y "So after my post doc, I was hired at my institution on a one-year appointment, followed by another oneyear appointment, followed by a tenure track position. And, I've moved from Assistant to Associate, to Full Professor..."
"I originally came as a lecturer. … I actually applied for a tenure track position … in [another department] … and they said, "we'd like you to consider this other position," … "we want you to do your research in [discipline] . We just have this education stuff that's kind of on the side that somebody needs to deal with. And, you'd be great for it." ... And, so they brought me here as a lecturer the first year, and then after the first year -I started as a two-year lecturer position. But after the first year, they converted it over into an Assistant Professor." SFES were tenure track, whereas 100% of the MS SFES and the PUI SFES were tenure track. Tenure status can clearly affect a faculty member's ability to influence their department and discipline (NEA 1996) , and the overall percentage of faculty with tenure has been described as being generally similar across institution types (NCES 2015) . However, a different pattern has emerged for SFES. So what might be driving the differences in SFES tenure status at different institution types? The present interview study results clarify why this might be the case. Specifically, differences in tenure status may emerge as a result of the different perceived origins of SFES positions across the three institution types. In particular, the PhD SFES were more likely to have prior connections to their employing institution than were the MS SFES or the PUI SFES. The prior connections that we discovered included being an alumnus or alumna of the institution, holding a previous position at the institution, or having a spouse or partner employed at the institution. In some cases, the SFES position may not have been traditionally advertised. The interviewees described situations in which "one thing led to another, to another, to another…" and resulted in some cases in tenure-track and in other cases in non-tenure-track positions. In terms of hiring motivations, our current interview data also highlight that the tenure-track and non-tenure-track PhD SFES were hired for very different reasons. The tenure-track PhD SFES reported most commonly being hired in response to administrator desires related to improving education, facilitating course reform, and/or obtaining grant money to conduct education research, whereas the non-tenure-track PhD SFES most commonly reported being hired to coordinate laboratory courses, to supervise teaching assistants, or to relieve other faculty from teaching and service responsibilities. In total, these data are consistent with the hypothesis that some nontenure-track SFES at PhD-granting institutions are being hired into positions that may have been crafted for them specifically.
Differences in formal training in science education may be driven by differences in perceived position origins. Whether SFES arrive in their faculty positions with formal science-education training has been a subject of persistent interest and perplexing evidence. Although the vast majority of the participants in a national survey study of SFES reported formal training in basic science, only a minority reported formal training in science education (Bush et al. 2013) . Intriguingly, SFES working at MS-granting institutions were previously shown to be statistically more likely to have formal scienceeducation training compared with their SFES counterparts at PhD-granting institutions and PUIs (Bush et al. 2103) . So what could be driving the differential training profiles among SFES at different institution types? One hypothesis previously offered was that MS-granting institutions may be constructing SFES positions to be typical tenure-track science faculty positions and explicitly envisioning SFES as providing expertise in an area of specialization (education) analogous to specialization in other areas (e.g., ecology or organic chemistry). The present interview data support this hypothesis, because the SFES at MS-granting institutions reported dramatically different hiring motivations from those of the SFES at other institution types. In addition, these new data suggest an alternative hypothesis about lower rates of formal science education training among PhD SFES and PUI SFES. Because high proportions of the PhD SFES reported prior connections to their current institutions, with most apparently being directly hired into their current SFES position from a previous role, these individuals simply may not have had an opportunity to acquire training prior to transitioning to an SFES role from within their current institutions. Similarly, over half of the PUI SFES in the present study could not report on motivations for their hiring, because they transitioned into the SFES role as an existing departmental faculty member. This finding is consistent with the PUI SFES in the national survey being more likely to have transitioned into their role, as opposed to being hired into their role (Bush et al. 2008 (Bush et al. , 2013 . Perhaps PUI science faculty generally view science-education activities, as have been defined for SFES, as integral to their occupation, so little distinction exists between SFES and non-SFES at PUIs. In summary, these new findings on the perceived origins of SFES positions-motivations for hiring and prior institutional connections-may explain the previously perplexing differences in formal science-education training among SFES across MS-granting versus PhD-granting and primarily undergraduate institutions. As such, the lack of formal training among SFES at PhD-granting institutions and PUIs may have resulted from transitioning directly into an SFES role with no time for pursuing formal training opportunities.
Evidence supports a role for administrators in driving the hiring of science faculty with education specialties. These in-depth interviews with SFES about the perceived origins of their positions revealed that input from administrators, including deans and chairs, is typically key in driving the hiring of SFES at PhD-granting and MS-granting institutions but not at PUIs. In both PhD-granting and MS-granting institutions, the SFES more commonly reported their hirings being motivated by administrators rather than by departmental faculty (figure 2, tables 1-3). Interestingly, when our interview findings were disaggregated by non-tenure-track and tenuretrack PhD SFES, it became clear that the motivation stories for these hirings differed greatly. The non-tenure-track SFES were hired primarily to Coordinate lab courses, teaching assistants, or other course support, and neither administratordriven nor faculty-driven hiring motivations were reported as prevalent reasons for hiring. In contrast, the tenure-track PhD SFES were hired primarily to Respond to administrator desires related to education. Administrators at PhD-granting institutions may be interested in tenure-track SFES as course reformers, curriculum developers, and education researchers, which were also reported by multiple tenure-track PhD SFES as hiring motivations for their positions. These data describing the role of administrators in motivating SFES hires is consistent with conceptualizing SFES as potential change agents who can foster educational change from within science departments (Addy et al. 2015 , Bush et al. 2016 . Given the high proportions of non-tenure-track SFES with prior connections to their PhD-granting institutions, it may be that these individuals were hired under the assumption that they might have greater success in fostering change given their existing familiarity with the institution, its culture, and their science department colleagues.
Future directions. In conclusion, we have discovered that the motivations for hiring SFES appear to be different among SFES at different institution types, with particularly striking differences between motivations for hiring tenure-track versus non-tenure-track SFES. In addition, the non-tenuretrack SFES were more likely to have prior connections to their current institution-as an alumnus, employee, or spouse-compared with the tenure-track SFES. Future studies should investigate whether the findings presented here for non-tenure-track SFES, who all happened to be from PhD-granting institutions, would be predictive for nontenure-track SFES at MS-granting institutions and PUIs.
In future research and discussions, it may be appropriate to consider SFES as a collection of different types of faculty positions focused on science education rather than a singular type of position, given that SFES positions differ in multiple ways depending on institution type. Furthermore, although the present study's findings offer in-depth perspectives from individual SFES about their situations, future investigations are needed to probe the perceptions of deans, chairs, and non-SFES colleagues about SFES position origins. Finally, the SFES phenomenon-initially described in 2006-is evolving rapidly. One wonders how the profile of SFES-their training, their professional activities, and the structure of their positions-is changing over time and at particular types of institutions.
